In recession times, slower demand, shrunk liquidity, and increasing pressure on cost can lead to bankruptcy of suppliers. The risks due to supplier bankruptcy include (a) losses due to supply chain disruption, (b) delayed or stopped finished goods shipments, (c) difficulty in finding cost-effective alternate suppliers and sourcing contracts, (d) emergency procurements, (e) loss of reputation and market share loss, etc. Bankruptcy models can be used to estimate the probability that a supplier may go bankruptcy, and a level of probability can be established that triggers the risks. This paper uses the Black-Scholes-Merton option pricing model for estimating the probability of bankruptcy of supplier by extracting and examining the riskiness in stock market price of supplier. The paper uses the pooling arrangements among companies that source from multiple suppliers as a way to reduce the risk due to supplier bankruptcy.
Introduction
In recent times, companies are increasingly forming global supply chains and favoring global sourcing practices for lowering the purchase prices. While the global sourcing truly offered the expected benefits in the short run, it increased the risk of facing several challenges in the long run. One of the major issues is the supplier financial distress leading to supplier bankruptcy due to slower demand, shrunk liquidity, and increasing pressure on cost. The risks due to supplier bankruptcy include (a) losses due to supply chain disruption, (b) delayed or stopped finished goods shipments, (c) difficulty in finding cost-effective alternate suppliers and sourcing contracts, (d) emergency procurements, (e) loss of reputation and market share loss, etc. In summary, if a supplier becomes bankrupt, that firm may not be able to meet its entire customer requirements in the short-term, and will not meet any customer requirements if it eventually goes out of business (see Zsidisin and Wagner 7 ) . A firm is obliged to evaluate the financial viability of suppliers in order to avoid the consequences of supplier default, insolvency, or bankruptcy (see Milne 3 and Wagner and Johnson 6 ). The good tools for financial evaluation are the bankruptcy models, as these can be used for estimating the probability that a supplier may go bankrupt, and a level of probability can be established that triggers the risks. This paper uses the Black-Scholes-Merton option pricing model 1 for estimating the probability of bankruptcy of supplier by extracting and examining the riskiness in stock market price of supplier. The model assumes: maturity of liabilities equals one year; the dividend rate is based on the sum of common dividends, preferred dividends, and interest expense; call option equation has been modified to account for the fact that shareholders receive common dividends.
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In order to minimize the risk of bankruptcy among suppliers, the paper proposes the use of a pooling arrangement among companies. In a pooling arrangement, every participant agrees to share losses equally, each paying an average loss. The arrangement does not change the expected loss but reduces uncertainty because the variance decreases. This makes the losses due to supplier bankruptcy become more predictable since the maximum probable loss declines and the distribution of costs becomes more symmetric. The predictability increases with the number of participants and decreases with correlation in losses. Previously, pooling arrangements have been used in supply chains for inventory management for the reduction of demand variability that can lead to a reduction of safety stock and average inventory, 4 however, this paper combines the use of bankruptcy prediction models and pool arrangements for risk reduction in the supply chain. This pool arrangement methodology could be used as a tool for the preparation of insurance policies that can be sold to companies in order to protect them against supplier bankruptcy.
Black-Scholes-Merton Option Pricing Model
The bankruptcy losses for suppliers are based on the Black-Scholes-Merton option pricing model1. With this model, a company is defined as being in bankruptcy if its corporate value shown by aggregate market value falls short of its amount of debt.
1 The model captures the likelihood that the values of firms assets will decline to such an extent that the firm will be unable to repay its debts.
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Equity can be viewed as a call option on the value of the firm's assets.
The strike price of the call option is equal to the face value of the firm's liabilities and the option expires at time T when the debt matures1.
The equation for valuing equity as a call option on the value of the firm's assets is given in Eq. (1) below. This equation is modified for dividends and reflects that the stream of dividends paid by the firm accrue to the equity holders.
The BSM equation is given by (see Wagner and Johnson 6 ):
where N (.) represents the cumulative distribution function of standard normal random variable and d1 and d2 are given by:
where V E ≡ V E (t) is the current market value of equity, V A ≡ V A (t) is the current (at time t) market value of assets, X is the face value of debt maturing at time T, r is the continuously-compounded risk-free rate, δ is the continuous dividend rate σ A is the standard deviation of asset returns. Under the BSM model, the probability of bankruptcy is simply the probability that the market value of assets, V A is less than the face value of the liabilities, X, at time T. The BSM model assumes that the natural log of future asset values is normally distributed. The probability of bankruptcy is a function of the distance between the current value of the firm's assets and the face value of its liabilities, adjusted for the expected growth in asset values relative to asset volatility.
As shown in McDonald, 2 the probability of bankruptcy can be calculated as:
where µ is the continuously-compounded expected return on assets. Hillegeist et al. 5 provided the SAS code for the estimation of V A and σ A by simultaneously solving the BSM equation (1) and the optimal hedge equation given by
through iterative process. These values are then used to estimate µ from the following formula
where dividends in the above equation represent the sum of the common and preferred dividends declared during the year. This in turn can finally be used to calculate the probability of bankruptcy. The basic idea for estimating the probability of a supplier company bankruptcy is to recognize the stock price movement pattern of the supplier company, and evaluate the historic events information, which is available to public via company press meets, market focus, etc. The procedure for extracting such information was developed by Hillegeist et al. 5 This paper describes the reasoning behind using stock prices, as opposed to accounting data, to extract the probability of supplier bankruptcy estimates as well as the methodological steps and assumptions behind the estimates.
According to option-pricing theories (see McDonald 2 ), a market-based measure, that is called Black-Sholes-Model probability of bankruptcy (BSM-PB), should use all available information about the probability of bankruptcy.
5 The BSM-PB contains relatively more information than just the Score variables used traditionally for bankruptcy prediction, however the accounting measures will not be incrementally informative to BSM-PB. Hillegeist et al. 5 tested the validity of these implications using a large sample consisting of 65,960 firm-year observations including 516 bankruptcies during the 1979-1997 period. They found that BSM-PB has relatively more explanatory power than either of the two Scores, even when the Scores are decomposed to reflect industry differences or annual changes.
The model assumes that volatility is a crucial variable in bankruptcy prediction since it captures the likelihood that the values of firms assets will decline to such an extent that the firm will be unable to repay its debts. Equity can be viewed as a call option on the value of the firm's assets. The strike price of the call option is equal to the face value of the firm's liabilities and the option expires at time T when the debt matures.
Risk Reduction through Pooling Independent Losses
A risk pool is one of the forms of risk management practiced in insurance. Pooling arrangements do not change a company's expected loss, but reduce the uncertainty (standard deviation) of a loss. Risk pooling arrangements make each participant's loss more predictable ( Zsidisin and Wagner 7 ). Correlation analysis is very important in pooling arrangements. A positive correlation in losses is less desirable than null correlation (uncorrelated losses) in the context of risk management. While a positive correlation in losses reduces the extent to which risk pooling lowers the standard deviation of losses, null correlation in losses increase it. The concept of pooling losses has been used in supply chain (see Milne 3 ). Risk pooling suggests that demand variability is reduced if one aggregates demand across locations because as demand is aggregated across different locations, it becomes more likely that high demand from one customer will be offset by low demand from another. This reduction in variability allows a decrease in safety stock and therefore reduces average inventory, this suggests that the use centralized warehouses would be able to reduce inventory costs as it reduces safety stock but this benefit will decrease as the correlation between demands demanding inventory becomes positive (see Milne  3 ). The expected loss and variance for a company C associated with M suppliers, due to supplier bankruptcy can be estimated bȳ
and
respectively, where L i is the loss of a company due to supplier bankruptcy, P i is the probability of bankruptcy of a supplier. In the context of the proposed research, each firm in the pool is willing to share the losses generated due to bankruptcy of suppliers. The research will show how the mechanism can be used to reduce the standard deviation of the losses associated with risk of losses.
Illustration of the Methods on Real Data
In order to find the probability of bankruptcy, a research was conducted by selecting 23 companies that trade in the stock market and publish their financial statements. The BSM model has been used for calculating the probability of bankruptcy for these 23 firms for the first quarter for the year 2000. A scenario of two companies that have three suppliers each was generated and the losses due to bankruptcy for each supplier were pooled among the two companies and the expected loss and standard deviation of losses calculated by pooling losses. The objective of the research is to show that the risk pooling contract minimizes the risk exposure.
A SAS program generated by Hillegeist et al. 5 was used to calculate the probability of bankruptcy. The calculation was performed in three steps. In the first step, the values of V A and σ A were estimated by simultaneously solving the call option B-S-M equation (Eq. (1)) and the optimal hedging equation (Eq. (4)).
In the initial step, V E was set equal to the total market value of equity based on the closing price at the end of the firm's fiscal year, σ E was computed using daily return data from the Center for Research in Security Prices database (http://www.crsp.com) over the entire fiscal year. The strike price X was set equal to the book value of total liabilities, T was taken to be one year, and r was set at the one-year treasury bill rate. The dividend rate, δ, was the sum of the prior year's common and preferred dividends divided by the approximate market value of assets, which is defined as total liabilities plus the market value of equity.
In the second step, the expected market return on assets, µ, was calculated based on the actual return on assets during the previous year and with the help of Eq. (6). This process is based on the estimates of VA that were computed in the previous step.
Finally, the values for V A , σ A , δ, T, X and µ were used to calculate the probability of bankruptcy for each firm-year via Eq. (4). To do this, the value inside the parentheses in Eq. (4) was first calculated to then determine the probability of bankruptcy corresponding to this value using the standard normal distribution. Table 1 presents the probability of bankruptcy for the 23 companies based on the first quarter of the year 2000. The same table displays the values of V A and σ A calculated in the first step.
The scenario used for this analysis assumes two companies with three suppliers each. The loss due to bankruptcy for each supplier is assumed to be constant and estimated to be $5000, which include losses due to supply chain disruption, delayed or stopped finished goods shipments, difficulty in finding cost-effective alternate suppliers and sourcing contracts, emergency procurements, loss of reputation and market share among the Tables 2 and 3 present the expected losses and standard deviation of companies A and B due to bankruptcy of their three suppliers, respectively. Table 4 shows the expected losses for the pooling arrangement of the two companies. In this arrangement, losses are shared equally between companies A and B. The estimates show that uncertainty represented by the standard deviation is reduced while the average loss remained unchanged 
Conclusions and Future Research
This study clearly demonstrates the usefulness of estimating the probability of bankruptcy of suppliers for managing the risk to a supply chain. The results presented show how the pooling contracts can help companies to minimize the risk of losses due to supplier bankruptcy. These pooling contracts can be managed by insurance carriers and sold to companies as supplier bankruptcy insurance. Furthermore, the pooling contracts help companies minimize the risk. Here we used a simple scenario with a pooling arrangement with two companies and three suppliers. Although this paper assumes that a company does not experience any loss while a supplier is not bankrupt, unexpected events (fluctuations in price, etc.) may amount to a certain loss. The analysis and computation of this paper can be revised to account for such factors. Moreover, the future research can include different types of risks and estimates for other types of supply chain risks, and conduct a study with multiple scenarios in order to provide more evidence that the concept can work in industry. Future work can also include a software program which can be developed for any number of supplier companies and pooling contracts with increased participation.
